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We report progress in developing a pressure standard based on measurements of the resonance frequencies of an 

argon-filled, microwave cavity resonator at the temperature T. The standard will operate in the pressure range (0.1 

to 7) MPa and will rely on our measurements of the ratio, R(p,T)=nAr(p,T)/nHe(p,T) = (refractive index of 

argon)/(refractive index of helium). We measured the ratio, R(p,T), with an uncertainty of approximately 5x10
-9

 by 

measuring the resonance frequencies of two nearly identical cavities, at nearly identical temperatures and 

pressures. One cavity was filled with helium the other with argon. Interchanging the gases in the cavities removed 

the effect of the apparatus’ compressibilities. Measurements were made at 3 temperatures; the mercury point, 

the triple point of water and the gallium point. They demonstrate the expected insensitivity of the polarizability of 

inert gases to temperature in the limit of zero density. Combining our values of R(p,T) with the refractive index of 

helium from theory, we obtain values of nAr
2
(p,T)NIST that have a total uncertainty of approximately u(nAr

2
)~13x10

-9
 

(1+1.0p/MPa+0.4p
2
/MPa

2
) with a 68 % confidence level (k=1). These results can be used to convert measurements 

of nAr
2
 in the field to pressure. The total relative uncertainty in pressure will be approximately  

u(p)/p ~ (RgT/(AAr p))[u
2
(nAr

2
)NIST+u

2
(nAr

2
)field+ur(kBT)]

1/2
 ~ 10

-6
 [2.3(MPa/p) + 2.1 + 0.8(p/MPa) + 1.4].  

In this estimate we use the 2010 CODATA value ur(kBT) = 0.91x10
-6

 and our ability to realize the temperature of the 

triple point of water inside the cavity resonators within +0.3 mK. 

 


